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(54) SOI substrate 

(57) There are disclosed a method for producing an 
SOI substrate connprising forming an oxide layer on a 
surface of at least one silicon wafer among two silicon 
wafers, closely contacting one wafer with the other 
wafer so that the oxide layer should be interposed 
between them, subjecting the wafers to a heat treatment 
to firmly bond the wafers, and making a device process- 
ing side wafer thinner to a desired thickness, character- 
ized In that a silicon single crystal wafer obtained by 
growing a silicon single crystal Ingot doped with nitro- 
gen by the Czochralski method, and slicing the single 
crystal ingot into a silicon single crystal wafer is used as 
the device processing side wafer, and an SOI substrate 
produced by the method. The present invention pro- 
vides a method for producing SOI substrates, In partic- 
ular thin film SOI substrates having an SOI layer 
thickness of 1 jim or less, exhibiting a small crystal 
defect size In the SOI layer, and SOI substrates with low 
cost and high productivity 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

[0001] The present invention relates to a method for 
producing a bonded SOI substrate utilizing a silicon sin- 
gle crystal wafer produced by the Czochralski method 
(referred to as the "CZ method" hereinafter), and a 
bonded SOI substrate. In particular, the present inven- 
tion relates to a method for producing a thin film SOI 
substrate having an SOI layer thickness of 1 ^im or less, 
wherein the size of crystal defects called grown-in 
defects in the SOI layer is made smaller, and therefore 
the defects can be easily eliminated by means of heat 
treatment, and an SOI substrate produced by the 
method. 

Description of the Related Art: 

[0002] As a technique for bonding two pieces of silicon 
single crystal wafers with an interposed silicon oxide 
layer, there has been known a method disclosed in, for 
example, Japanese Patent Application Publication 
(KOKOKU) No. 5-46086, which comprises forming an 
oxide layer on at least one wafer, closely contacting 
them with each other while eliminating any foreign sub- 
stances from the bonding surfaces, and subjecting them 
to a heat treatment at a temperature of about 200- 
1200**C to enhance the bonding strength. 
[0003] Because a bonded substrate whose bonding 
strength has been enhanced by a heat treatment can 
subsequently be processed by. for example, grinding, 
polishing or the like, either one of the wafers can be 
made thinner to a desired thickness by grinding, polish- 
ing or the like to afford an SOI layer on which devices 
are formed. 

[0004] That is, because the produced SOI substrate 
contains bulk crystals of the silicon single crystal wafer 
exhibiting excellent crystallinity as they are, the 
obtained SOI layer would exhibit excellent crystallinity, 
and this characteristic is more advantageous compared 
with other SOI production methods such as the SIMOX 
(Separation by Implanted Oxygen) method and the 
fusion recrystallization method. 
[0005] On the other hand, as the starting material of 
bonded substrates, i.e., silicon single crystal wafers, 
those silicon single crystal wafers obtained by slicing a 
single crystal ingot grown by the Czochralski method 
(CZ method) have been mainly used. 
[0006] However, it has recently been reported that, in 
silicon single crystals grown by the CZ method, crystal 
defects introduced during the crystal growth and called 
grown-in defects as mentioned above were detected by 
various measuring methods. For example, as for single 
crystals pulled at a growth rate generally used for the 
commercial production (for example, about 1 mm/mi n or 
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more), these crystal defects can be detected as pits by 
preferentially etching (Secco etching) their surfaces with 
Secco solution (mixed solution of K2Cr207, hydrofluoric 
acid and water). See Japanese Patent Application Laid- 

5 open (KOKAI) No. 4-192345. 

[0007] The major cause of these pits is considered to 
be clusters of vacancies, which aggregate during the 
production of single crystals, or oxide precipitates, 
which are aggregates of oxygen atoms contaminated 

10 from quartz crucibles. Because these crystal defects 
present in regions where devices are to be formed may 
become harmful defects that degrade device character- 
istics, various kinds of methods for decreasing such 
crystal defects have been investigated. 

15 [0008] For example, it has been known that, in order 
to reduce the density of the aforementioned clusters of 
vacancies, the crystals may be grown at an extremely 
low growth rate (for example, 0.4 mm/min or less). See 
Japanese Patent Application Laid-open (KOKAI) No. 2- 

20 267195. However, it has been becoming clear that this 
method generates crystal defects that are considered 
dislocation loops formed by newly gathered excessive 
interstitial silicon, and they markedly degrade the device 
characteristics, which means that the method cannot be 

25 a solution of the problem. In addition, such a decrease 
of crystal growth rate from the conventional 1 mm/min or 
more to 0.4 mm/min or less invites marked decrease of 
the productivity and increase of the cost of single ays- 
tals. 

30 [0009] Therefore, if an SOt substrate is produced by 
using a CZ wafer containing such crystal defects, the 
produced SOI layer of course contains aystal defects, 
and they degrade the electric characteristics of the SOI 
layer such as oxide dielectric breakdown voltage. In par- 

35 ticular, when the substrate is a thin film SOI substrate, 
i.e., the SOI layer to be formed must have a thickness of, 
for example, 1 ^m or less, the crystal defects may be 
present in such a manner that they penetrate the SOI 
layer and thus form pin holes, which markedly degrade 

40 the quality and the characteristics. 

SUMMARY OF THE INVENTION 

[001 0] The present invention has been accomplished 
45 in view of the aforementioned problems, and its object is 
to provide a method for producing SOI substrates, in 
particular, thin film SOI substrates having an SOI layer 
thickness of 1 ^m or less, wherein crystal defects in the 
SOI layer can be made smaller in their size, and easily 
50 eliminated by a heat treatment, and such SOI sub- 
strates with low cost and high productivity 
[0011] To achieve the aforementioned object, the 
present invention provides a method for producing an 
SOI substrate comprising forming an oxide layer on a 
55 surface of at least one silicon wafer among two silicon 
wafers, closely contacting one wafer with the other 
wafer so that the oxide layer should be interposed 
between them, subjecting the wafers to a heat treatment 
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to firmly bond the wafers, and making a device process- 
ing (fabricating) side wafer thinner to a desired thick- 
ness, 

wherein a silicon single crystal wafer obtained by 
growing a silicon single crystal Ingot doped with nitro- 5 
gen by the Czochralski method, and slicing the single 
crystal ingot into a silicon single crystal wafer is used as 
the device processing side wafer. 
[0012] By doping a single crystal ingot with nitrogen 
during growing it by the CZ method as in the aforemen- 
tioned method, growth of crystal defects introduced dur- 
ing the crystal growth can be suppressed. Further, as a 
result of suppression of the growth of crystal defects, 
the crystal growth rate can be made faster, and hence 
the productivity of crystals can be markedly improved. 
[0013] Further, by using a wafer obtained by process- 
ing such a silicon single crystal doped with nitrogen as 
a device processing side wafer of SOI substrate, an SOI 
substrate having an SOI layer with an extremely small 
crystal defect size can be obtained. Therefore, the crys- 
tal defects can be easily eliminated by subjecting the 
SOI substrate to a heat treatment, and quality of 
devices formed on the SOI layer such as electric char- 
acteristics can be markedly improved. 
[0014] In the above method, because the nitrogen in 
the device processing side wafer to be the SOI layer is 
out-diffused during the heat treatment, it does not harm- 
fully affect on devices to be formed. 
[0015] The present invention also provides a method 
for producing an SOI substrate comprising closely con- 
tacting a silicon wafer and an insulator substrate, sub- 
jecting them to a heat treatment to firmly bond them, 
and making the silicon wafer that is a device processing 
side wafer thinner to a desired thickness. 

wherein a silicon single crystal wafer obtained by 
growing a silicon single crystal ingot doped with nitro- 
gen by the Czochraiski method, and slicing the single 
crystal ingot into a silicon single crystal wafer is used as 
the silicon wafer that is the device processing side 
wafer. 40 
[0016] According to the present invention, for the pro- 
duction of SOI substrates where a silicon wafer and an 
insulator substrate are bonded to produce an SOI sub- 
strate, a silicon single crystal wafer doped with nitrogen 
may be used as the device processing side wafer. Also 45 
in this case, the crystal defect size in the SOI layer can 
be made extremely small, and the productivity of silicon 
wafers can be improved. - 
[0017] According to the present invention, when the 
silicon single crystal ingot doped with nitrogen is grown 50 
by the Czochralski method, concentration of nitrogen 
doped into the single crystal ingot is preferably control- 
led to be in the range of 1 x 10^° to 5 x 10^^ atoms/cm^. 
[0018] This is because the nitrogen concentration is 
preferably 1 x 10^° or more in order to sufficiently sup- 55 
presses the growth of crystal defects and surely reduce 
the generation of pin holes in the SOI layer, and the 
nitrogen concentration is preferably 5x10^^ atoms/cm^ 



or less in order not to inhibit the crystallization of silicon 
single crystals. 

[0019] Further, when the single crystal ingot doped 
with nitrogen is grown by the Czochralski method, con- 
centration of oxygen contained in the single crystal ingot 
is preferably controlled to be 1.2 x 10""^ atoms/cm^ or 
less (value according to ASTM 79). 
[0020] Use of such a low oxygen concentration further 
suppresses the formation of crystal defects, and hence 
generation of crystal defects and pin holes in the SOI 
layer can further be suppressed. 
[0021 ] In the aforementioned methods for producing 
an SOI substrate, the heat treatment for obtaining firm 
bonding may be performed at a temperature of 900**C or 
more. 

[0022] By performing the heat treatment at a temper- 
ature in such a range, the two pieces of wafers can be 
bonded with sufficient strength, and the nitrogen can be 
surely eliminated from the region to be the SOI layer of 
device processing side wafer. Therefore, when it func- 
tions in an SOI substrate, nitrogen no longer harmfully 
affects on the electric characteristics or the like. In addi- 
tion, because the heat treatment at a temperature in 
such a range affords a region free from defects due to 
oxygen in a region to be the SOI layer of the device 
processing side wafer, reduced defects and prevention 
of degradation of electric characteristics of the SOI layer 
due to oxygen and the like can be achieved. 
[0023] In the methods for producing an SOI substrate 
according to the present invention, the device process- 
ing side wafer may be made thinner to a thickness of 1 
pm or less. 

[0024] Because pin holes are particularly likely to be 
formed in an extremely thin SOI layer such as one hav- 
ing a thickness of 1 |im or less due to the penetration of 
crystal defects, use of the silicon wafer doped with nitro- 
gen according to the present invention is advantageous 
for such a substrate. 

[0025] In the methods for producing an SOI substrate 
according to the present Invention, after the device 
processing side wafer is made thinner, the heat treat- 
ment may be preformed at a temperature of 900'*C or 
more. 

[0026] By performing the heat treatment at a temper- 
ature of 900°G or more after the wafer has been made 
thinner, the crystal defects having a small size in the 
SOI layer can easily be eliminated. 
[0027] Thus, an SOI substrate produced by the pro- 
duction method of the present Invention would have 
crystal defects of an extremely small size in the SOI 
layer, and they can easily be eliminated by the heat 
treatment. Therefore, the SOI substrate of the present 
invention would have few crystal defects. 
[0028] That is, the SOI substrate of the present inven- 
tion is, for example, an SOI substrate which is produced 
by forming an oxide layer on a surface of at least one sil- 
icon wafer among two silicon wafers, closely contacting 
one silicon wafer with the other silicon wafer so that the 
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oxide layer should be interposed between them, sub- 
jecting the waters to a heat treatment to firmly bond the 
wafers, and making a device processing side wafer thin- 
ner to a desired thickness, wherein the device process- 
ing side wafer is a silicon single crystal wafer obtained 
by growing a silicon single crystal ingot doped with nitro- 
gen by the Czochralski method, and slicing the single 
crystal ingot into a silicon single crystal wafer. 
[0029] The SOI substrate of the present invention may 
also be an SOI substrate which is produced by closely 
contacting a silicon wafer with an insulator substrate, 
subjecting them to a heat treatment to firmly bond them, 
and making the silicon wafer that is a device processing 
side wafer thinner to a desired thickness, wherein the 
silicon wafer that is the device processing side wafer is 
a silicon single crystal wafer obtained by growing a sili- 
con single crystal ingot doped with nitrogen by the Czo- 
chralski method, and slicing the single crystal ingot into 
a silicon single crystal wafer. 

[0030] In the SOI substrate of the present invention, 
the nitrogen concentration in the device processing side 
wafer may be in the range of 1 x 10''^ to 5 x 10''^ 
atoms/cm^, and the oxygen concentration in the device 
processing side wafer may be 1 .2 x 10^^ atoms/cm^ or 
less. 

[0031] Even when the SOI layer has a thickness of 1 
iim or less, the SOI substrate of the present invention 
can be an SOI substrate having an SOI layer of good 
quality containing particularly few pin holes. 
[0032] According to the present invention, SOI sub- 
strates exhibiting a small crystal defect size in the SOI 
layer and having few pin holes can be obtained with high 
productivity and low cost by producing the SOI sub- 
strates with silicon single crystal wafers doped with 
nitrogen. The method of the present invention is partic- 
ularly effective as a method for producing thin film SOI 
substrates having an SOI layer thickness of 1 nm or 
less, in which the crystal defects and the pin holes in the 
SOI layer may be particularly likely to constitute prob- 
lems. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0033] 

Rgs. 1(a) -(g) are explanatory views showing exem- 
plary process steps for producing a bonded SOI 
substrate according to the present invention. 
Fig. 2 is a graph showing the results of measure- 
ment of pit density by microscopy of surfaces of sil- 
icon wafers of exannples and comparative examples 
after Secco etching. The black circles represent the 
results of the wafers doped with nitrogen, and the 
white circles represent the results of the wafers not 
doped with nitrogen. 



DESCRIPTION OF THE INVENTION AND EMBODI- 
MENTS 

[0034] The present invention will be explained more in 
5 detail hereinafter, but the present invention is not limited 
by the following explanation. 

[0035] As a technique for eliminating crystal defects in 
silicon wafers, there has been known a method com- 
prising heat treatment of the wafers at a high tempera- 

10 ture in a reducing atmosphere such as hydrogen 
atmosphere. However, rf this technique is applied to SOI 
substrates, because penetrating pin holes are formed 
from crystal defects in the SOI layer, particularly when 
the SOI layer is thin, there is arisen a problem that 

15 reducing gas penetrates through the pin holes and 
reduces the buried oxide layer. Such reduction of the 
buried oxide layer destroys the SOI structure, and 
hence markedly degrades the electric characteristics of 
devices. 

20 [0036] Therefore, according to the present invention, 
penetrating pin holes are reduced, not by eliminating 
crystal defects in the produced SOI layer, but by making 
the crystal defect size in the material silicon wafers 
smaller so that the defects should become likely to be 

25 eliminated by a heat treatment. 

[0037] That is, the present invention has been accom- 
plished based on the finding that, if a silicon single crys- 
tal wafer which has been produced by using a technique 
that makes the crystal defect size smaller through dop- 

30 ing of silicon single crystal with nitrogen during its 
growth by the CZ method is used for a bonded SOI sub- 
strate, an SOI substrate which has an SOI layer exhibit- 
ing a small crystal defect size in the SOI layer, therefore, 
containing few penetrating pin holes and defects more 

35 likely to be eliminated by a heat treatment can be 
obtained with low cost and high productivity, and further 
based on investigation of various conditions therefor 
[0038] It has already been pointed out that doping of 
nitrogen into silicon single crystals suppresses aggre- 

40 gation of vacancies in silicon (T Abe and H. Takeno. 
Mat. Res. Soc. Symp. Proc. Vol. 262, 3, 1992). This 
effect is considered to be obtained by the fact that the 
vacancy aggregation process resulting formation of uni- 
form (homogenous) nuclei shifts to one resulting forma- 
ts tion of heterogeneous nuclei. Therefore, if a silicon 
single crystal is doped with nitrogen during its growth by 
the CZ method, a silicon single crystal having a small 
crystal defect size can be obtained, and a silicon single 
crystal wafer with a small crystal defect size can be 

50 obtained by processing such a silicon single crystal. In 
addition, this method does not necessarily require low- 
ering the crystal growth rate unlike the aforementioned 
conventional method, and therefore it may afford silicon 
single crystal wafers having few defects with high pro- 

55 ductivity. 

[0039] However, it has been known that nitrogen 
atoms in silicon single crystals promote oxygen precipi- 
tation (for example. F. Shimura and R.S. Hockett, Appl. 
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Phys. Lett. 48, 224. 1986), and when they are doped 
into silicon single crystal waters produced by the CZ 
method, many defects due to oxygen precipitation such 
as OSF (oxidation-induced stacking fault) are generated 
in the device processing layer by heat treatment during 
the device processing process or the like. Therefore, C2 
silicon single crystal wafers doped with nitrogen have 
not conventionally been used as wafers for device 
processing. 

[0040] Therefore, according to the present invention, 
in order to maximize the advantage that the crystal 
defects (grown-in defects) are difficult to grow in nitro- 
gen-doped crystals, wafers doped with nitrogen are 
used as material wafers of bonded SOI substrates. In 
the production of bonded SOI substrates, two pieces of 
wafers are closely contacted and then subjected to a 
heat treatmerrt for bonding, and therefore the nitrogen is 
out-diffused by the heat treatment, and does not remain 
in the SOI layer. However, because the SOI layer is pro- 
duced by utilizing the nitrogen-doped substrate, the size 
of the grown-in defect remains small even though the 
nitrogen is out-diffused. On the other hand, it has been 
confirmed that the defects due to oxygen are unlikely to 
be formed around the bonding interface, while its rea- 
son is rxrt dear Therefore, the density of defects due to 
oxygen also becomes extremely low in the region to be 
the SOI layer 

[0041] Furthermore, according to the present inven- 
tion, it is rxrt required to use a lower crystal pulling rate 
in the CZ method, and therefore material silicon wafers 
can be obtained with low cost and high productivity. As 
a result, there can be obtained an advantage that the 
cost of SOI substrates can be reduced. 
[0042] In the method for producing the SOI substrate 
of the present invention, as the material wafers, i.e., sil- 
icon single aystal wafers, silicon single crystal wafers 
doped with mtrogen are first produced by growing a sili- 
con single crystal ingot doped with nitrogen by the CZ 
method, and slicing the single crystal ingot. 
[0043] In ttits step, growth of silicon single crystal ingot 
doped with nitrogen by the CZ method can be per- 
formed in a krKJwn manner described in, for example, 
Japanese Patent Application Laid-open (KOKAI) No. 
60-251190. 

[0044] That is. in the CZ method, which comprises 
bringing a seed crystal into contact with starting poly- 
crystal silicon melt contained in a quartz crucible, and 
slowly pulling the seed crystal with rotation to grow a sil- 
icon single crystal ingot of a desired diameter, the pulled 
crystal can t>e doped with nitrogen by introdudng a 
nitride into the quartz crucible beforehand, or adding a 
nitride into the melt, or employing an atmosphere con- 
taining nitrogen as the atmospheric gas. In such an 
operation, the doping amount in the crystal can be con- 
trolled by adjusting the amount of nitride, concentration 
of nitrogen gas, introduction time thereof and the like. 
[0045] By doping a single crystal ingot with nitrogen 
during its growth by the CZ method as described above. 
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growth of crystal defects introduced during the crystal 
growth can be suppressed. Further, it is not required to 
use a low crystal growth rate, e.g., 0.4 mm/min or less, 
unlike the conventional method, and hence the produc- 

5 tivity of crystals can be markedly improved. As a result, 
the productivity and cost of silicon wafers, the material 
of SOI substrates, can also be improved. 
[0046] The reason why the crystal defect size is 
reduced by doping of silicon single crystal with nitrogen 

10 is considered that the vacancy aggregation process 
resulting formation of uniform nuclei shifts to one result- 
ing formation of heterogeneous nuclei as described 
hereinbefore. 

[0047] Therefore, the concentration of the doped nitro- 

75 gen is preferably at a level sufficiently causing formation 
of heterogeneous nuclei, i.e., 1 x 10"*° atoms/cm^ or 
more, more preferably 5 x 10^^ atoms/cm^ or more. 
Such a concentration sufficiently suppresses the growth 
of crystal defects. 

20 [0048] On the other hand, if the nitrogen concentration 
exceeds 5 x lO"*^ atoms/cm^, which is the solid solubil- 
ity in silicon single crystal, crystallization of silicon single 
crystal itself is inhibited, and hence the nitrogen con- 
centration is selected so that it should not exceed the 

25 aforementioned value. 

[0049] According to the present invention, when the 
single crystal ingot doped with nitrogen is grown by the 
CZ method, concentration of oxygen contained in the 
single crystal ingot is preferably controlled to be 1.2 x 

30 1 o"* ® atoms/cm^ or less. 

[0050] Such low oxygen content in silicon single crys- 
tals can, together with the contained nitrogen, further 
suppress the formation of crystal defects, and suppress 
the formation of the aforementioned OSF. This makes it 

35 possible to further reduce crystal defects in the SOI 
layer. 

[0051] During the growing of silicon single crystal 
ingot by the CZ method, the contained oxygen concen- 
tration can be lowered to the aforementioned range by a 

40 conventional method. For example, an oxygen concen- 
tration in the aforementioned range can be readily 
obtained by means of decreasing crucible rotation 
speed, increasing introduced gas flow, reducing atmos- 
pheric pressure, control of temperature distribution and 

45 convection of silicon melt, ard the like. 

[0052] As described above, a silicon single crystal 
ingot doped with nitrogen at a desired concentration 
and containing oxygen at a desired concentration can 
be obtained by the CZ method. Such an ingot can be 

so sliced by a cutting nnachine such as inner diameter 
slicer or wire saw. and processed into a silicon single 
crystal w/afer through various process steps such as 
chamfering, lapping, etching, and polishing in conven- 
tional manners. Of course, these steps are merely 

55 exemplary steps, and there can be various other steps 
such as cleaning. The steps may also be used in a suit- 
ably modified manner such as alteration of the step 
sequence and omission of some steps depending on 
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the purpose. 

[0053] Then, a bonded SOI substrate is produced by 
using the above-obtained silicon single crystal wafer at 
least as the device processing side wafer. 
[0054] The method for producing the SOI substrate of 
the present Invention will be explained by exemplifying a 
case where two pieces of silicon wafers are bonded with 
reference to the drawing. However, the present inven- 
tion is not limited to the following explanation. 
[0055] Fig. 1 illustrates exemplary process steps for 
producing the bonded SOI substrate of the present 
invention. 

[0056] In Fig. 1, there are first provided the material 
wafers for producing an SOI substrate by bonding, a 
bond wafer 2 (device processing side wafer) and a base 
wafers (Fig. 1(a)). 

[0057] According to the present invention, the silicon 
single crystal wafer doped with nitrogen by the GZ 
method as described above Is used at least as the bond 
wafer 2, which is a device processing side wafer. Of 
course, both of the two wafers may be those doped with 
nitrogen. 

[0058] Among the provided silicon single crystal sub- 
strates, the bond wafer 2 Is subjected to a heat treat- 
ment to form an oxide layer 4 on the bond wafer surface 
(Fig. Kb)). ,> 

[0059] This heat treatment is performed at a high tem- 
perature, for example. 1000*»C or more, and the doped 
nitrogen Is out-diffused during this treatment. Thus, the 
SOI layer does not contain nitrogen after It has been 
made thinner, and the produced devices are not harm- 
fully affected. 

[0060] In this step, the oxide layer may be formed on 
the base wafer 3, or on the both wafers. When the oxide 
layer is formed only on the base wafer 3, nitrogen in the 
bond wafer 2 will be out-diffused during a subsequent 
step. i.e.. the heat treatment for bonding. 
[0061] Then, the bond wafer 2 on which the oxide 
layer has been formed and the base wafer 3 are closely 
contacted with each other in a clean atmosphere (Fig. 
1 (c)). The bond wafer 2 and the base wafer 3 are firmly 
bonded by subjecting them to a heat treatment in an oxi- 
dizing atmosphere to form a bonded substrate 1 . In this 
step, the bond wafer 2 and the base wafer 3 are firmly 
bonded, and an oxide film 5, which becomes an etching 
prevention film In a subsequent step, is formed on the 
whole external surface of the bonded substrate 1 (Fig. 
1(d)). 

[0062] As for the condition of the heat treatment for 
firmly bonding the two wafers, the heat treatment may 
be performed, for example, at a temperature in the 
range of 200 to 1200''G, preferably at a temperature of 
900''C or more, in an atmosphere containing oxygen or 
steam. 

[0063] The above temperature range is defined 
because the heat treatment at a temperature In such a 
high temperature range can realize the bonding of the 
two wafers with sufficient strength, and surely out-dif- 



fuse nitrogen from the device processing side wafer. 
[0064] Thus, the size of the grown-in defects con- 
tained in nitrogen-doped substrates is advantageously 
reduced, and harmful effects of nitrogen on electric 

5 characteristics of devices can completely be eliminated 
because the nitrogen has been out-diffused. In addition, 
harmful effects of oxygen are also eliminated because 
defects due to oxygen are unlikely to be formed around 
the bonding interface. 

10 [0065] The bonded substrate 1 bonded as described 
above comprises unbonded portions of the bond wafer 
2 and the base wafer 3 having a width of about 2 mm 
from the external periphery. Because such unbonded 
portions cannot be used as the SOI layer on which 

15 devices are formed, and in addition they may be delam- 
inated in a subsequent step to cause various problems, 
they must be removed. 

[0066] To remove the unbonded portions, an external 
periphery portion of the bond wafer 2 Including the 
20 unbonded portion is first removed by grinding it to a pre- 
determined thickness t as shown in Fig. 1 (e). Grinding Is 
preferred because it can realize rapid removal and good 
processing precision. 

[0067] The predetermined thickness t Is preferably 

25 made smaller as far as possible, because a snnaller 
thickness t affords a thinner stock removal to be 
removed in the subsequent etching step. 
[0068] Then, the unbonded portion at the periphery of 
the bond wafer 2 is completely removed by etching as 

30 shown in Fig. 1(f). This can be easily performed by 
immersing the bonded substrate 1 in an etching solution 
showing much larger etching rate as to silicon single 
crystal compared with the etching rate as to the oxide 
film. That is, the periphery of the bond wafer 2 is etched 

35 by the etching solution because silicon has been 
exposed by the grinding, whilst the other part of the sur- 
face of the bonded substrate 1 is not etched because It 
is covered with the oxide film 5. The etching may be the 
so-called alkali etching with KOH, NaOH and the like. 

40 [0069] In this embodiment, because the thickness of 
the periphery of the bond wafer 2 is made sufficiently 
thinner, the unbonded portion present at the periphery 
of the bonded substrate 1 can be completely removed 
by etching in a short period of time. 

45 [0070] Finally, the bond wafer 2 can be made thinner 
from its surface to a desired thickness by grinding, pol- 
ishing or the like In a usual manner to prepare a bonded 
SOI substrate having an SOI layer 6 as shown In Fig. 
1(g). 

50 [0071] The method of the present Invention is particu- 
larly advantageous when the SOI layer is made thinner 
to a thlckn^s of 1 fim or less, because such a thin layer 
Is likely to be penetrated by the crystal defects and 
hence suffer from pin holes. 

55 [0072] While an embodiment where the bond wafer is 
made thinner by grinding, polishing and etching Is 
explained in the above description, the present Inven- 
tion is not limited to the above explanation, and the bond 
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wafer may be made thinner by any means that can 
make it thinner. In particular, the present invention is of 
course effective also for the case where the wafer is 
made thinner by the vapor phase etching, or the method 
where the wafers are implanted with ions, bonded 5 
together, and then delaminated, which are recently 
attracting attentions as techniques for producing an 
extremely thin SOI layer. 

[0073] The vapor phase etching is one of the so-called 
dry etching methods, and it comprises, for example, 10 
determining thickness distribution of SOI layer on an 
SOI substrate, and running a cavity retaining plasma on 
the SOI substrate according to the layer thickness distri- 
bution. That is, the time for exposing the surface of the 
SOI layer to the plasma is controlled by the running is 
speed, which is controlled according to the layer thick- 
ness distribution. As a result, the amount removed by 
etching is controlled to afford a uniform thickness of the 
SOI layer on the SOI substrate. 

[0074] On the other hand, the method for producing 20 
an SOI substrate by bonding and separating wafers 
implanted with ions (technique called smart cut method) 
recently begins to attract attentions as a method for pro- 
ducing an SOI substrate. This method comprises form- 
ing an oxide layer on at least one silicon wafer among 25 
two pieces of silicon wafers, implanting hydrogen ions or 
rare gas ions from an upper surface of one wafer to form 
a fine bubble layer (encapsulation layer) in the wafer, 
closely contacting the surface implanted with the ions 
with the other silicon wafer so that the oxide layer should 30 
be interposed between them, subjecting the wafers to a 
heat treatment to delaminate one wafer into thin films at 
the fine bubble layer as a cleavage plane, and further 
subjecting the wafers to a heat treatment to firmly bond 
the wafers (see Japanese Patent Application Lard-open 35 
(KOKAI) No. 5-21 1 1 28). The cleavage plane show good 
miror surface, and thus an SOI substrate having an 
extremely thin SOI layer and exhibiting high uniformity 
of the layer thickness can be obtained relatively easily. 
[0075] Further, because the SOI substrate produced 40 
by the process steps described above has a small crys- 
tal defect size, Its crystal defects can be reduced by 
subjecting it to a heat treatment at 900°C or higher, and 
thus an SOI substrate having extremely few crystal 
defects can be obtained. The atmosphere for the heat 45 
treatment is not particularly limited so long as the heat 
treatment temperature is 900**C or higher, and hydro- 
gen, argon, nitrogen, oxygen, mixed gas atmospheres 
thereof and the like can be used as the atmosphere for 
the heat treatment. However, migration of silicon atoms so 
on the surface of the SOI layer becomes likely to occur 
in a reducing atmosphere containing hydrogen, and 
therefore such an atmosphere is particularly effective 
for reducing void type defects such as clusters of vacan- 
cies. 55 



EXAMPLES 

[0076] The present invention will be explained more 
specifically hereinafter with reference to examples of 
the present invention and comparative example, but the 
present invention is not limited to them. 

(Exanples and Comparative Examples) 

(Growth of silicon single crystal ingots doped with nitro- 
gen by the CZ method) 

[0077] According to the CZ method, 40 kg of starting 
polycrystal silicon was charged in a quartz crucible hav- 
ing a diameter of 18 inches, and 10 ingots of P type hav- 
ing crystal orientation < 100) and a diameter of 6 inches 
were pulled at various pulling rates within a range of 
usual pulling rate, 0.8-1 .5 mm/min. For the pulling of 5 
ingots among them, the starting material, polycrystal sil- 
icon, was melted together with silicon wafers having sil- 
icon nitride films of 0.12 g, whereas pulling of the 
remained 5 ingots did not use doping with nitrogen. For 
each crystal, the rotation of the crucible was controlled 
during the pulling so that the oxygen concentration in 
the single crystal should become 0.9-1,0 x 10^^ 
atoms/cm^- 

[0078] When the nitrogen concentration of the tail por- 
tions of the crystal ingots doped with nitrogen was 
measured by FT-IR, it was 5.0 x 10^"^ atoms/cm^ on 
average (since the segregation coefficient of nitrogen is 
extremely small, the concentration of the straight bodies 
of the crystal ingots would become smaller than that 
value). Further, oxygen concentration was measured by 
FT-IR for all of the single crystal ingots, and it was con- 
firmed that the oxygen concentration was in the range of 
about 0.9-1.0 X 10^^ atoms/cm^ for all of the crystals. 

(Production of silicon single crystal wafers) 

[0079] Wafers were sliced from the obtained single 
crystal ingots by using a wire saw, and processed by 
chartifering, lapping, etching, and mirror polishing in the 
substantially same conditions to afford two kinds of mir- 
ror surface silicon single crystal wafers having a diame- 
ter of 6 inches, which were different in either they were 
doped or not doped with nitrogen. 
[0080] The silicon single crystal wafers obtained 
above were subjected to Secco etching, and the pit den- 
sity was measured by microscopy to determine the den- 
sity of crystal defects (grown-in defects). 
[0081 ] The results of the measurement are shown in 
Fig. 2. The black circles represent the results of the 
wafers doped with nitrogen, and the white circles repre- 
sent the results of the wafers not doped with nitrogen, 
[0082] It can be seen from these results that the crys- 
tal defect density of the wafers doped with nitrogen was 
reduced to about one-20th of that obtained by the con- 
ventional method, despite the fact that the pulling was 
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periormed at a rate of 1.0 mm/min or more, equivalent 
■ to or higher than the conventional rate. That is, it can be 
seen that the doping with nitrogen suppressed growth of 
crystal defects, and reduced crystal defects of detecta- 
' ble size. 5 

(Production of SOI substrates) 

[0083] Then, by using the wafers mentioned above, 
SOI substrates were produced according to the process io 
steps shown in Fig. 1. Wafers doped with nitrogen were 
used for tx>th of the bond wafer and the base wafer in 
the exarrples. and wafers not doped with nitrogen were 
used for both of the bond wafer and the base wafer in 
the comparative examples. 75 
[0084] Each bond wafer was subjected to a heat treat- 
ment at lOSCC in an atmosphere containing oxygen to 
form an oxide layer having a thickness of 0.2 ^m on the 
surface of the txxxJ wafer, and closely contacted with a 
base wafer, and they were firmly bonded by a heat treat- 20 
ment for bonding at 1100°C for 2 minutes. Then, the 
bond wafer was ground and polished, and subjected to 
vapor phase etching to produce an SOI substrate hav- 
ing an SOI layer dt a thickness of about 0.2 ^im. 
[0085] M the SOI substrate obtained as described 25 
above has defects penetrating the SOI layer, etch pits 
would be formed when the substrate is immersed in 
50% aqueous solution of HF for 10 minutes, since HF 
reaches the buried oxide layer through the penetrating 
defects and etches the oxide layer. Since these etch pits 30 
formed on the oxide layer can be observed by an optical 
microscope throu^ the thin SOI layer, the number of 
the pits in regions of about 10 cm^ in total was deter- 
mined by scanning the wafer surface along the direction 
of its diameter. 35 
[0086] As a resutt of the measurement, 0.2 pits/cm^ 
on average was fouxi In the examples, and 0.8 pits/cm^ 
on average in the comparative examples. Therefore, it 
was found that the formation of pin holes due to the 
crystal defects in the SOI layer could be markedly 40 
improved by the present invention. 
[0087] An SOI sutjstrate having a thickness of 0.2 ^m, 
which had been pcoduced under the same conditions as 
those used for the aforementioned SOI substrates 
(doped with nitrogen), was subjected to a heat treat- 45 
ment at 1200"C for 10 seconds in an atmosphere of 
100% hydrogen using a lamp heater (Steag Microtech 
International Corporation. SHS:2800). Then, this sub- 
strate was evaluated for etch pits formed with HF aque- 
ous solution in the same manner as described above, so 
and it was fourxi that the defect density was 0.03 
pits/cm^. Thus, rt was found that the defects in the SOI 
layer were further reduced. 

[0088] The present invention is not limited to the 
embodiments described above. The above-described 55 
embodiments are mere examples, and any of those 
having the sutstantially same structure as that 
described in the appended daims and providing the 



similar functions and advantages are included in the 
scope of the present invention. 

[0089] For example, when a silicon single crystal is 
grown by the Czochralski method according to the 
present invention, the melt may or may not be applied 
with a magnetic field, and therefore the Czochralski 
method used for the present invention include the so- 
called MC2 method in which a magnetic field is applied. 
[0090] Further, though it was demonstrated that the 
aystal defects can further be reduced at a low concen- 
tration of the contained oxygen in the above description, 
the present invention can of course afford the advan- 
tages at a higher oxygen concentration, e.g., 1 .2 to 1 .5 
X 10^® atoms/cm^ or higher. 

[0091] Further, the aforementioned embodiment was 
explained mainly for the case where two pieces of sili- 
con wafers are bonded to produce an SOI substrate, but 
the present invention is of course effective for reducing 
crystal defects in the SOI layer also in a case where a 
silicon wafer produced by the C2 method and an insula- 
tor substrate made of quartz, silicon carbide, silicon 
nitride, alumina, sapphire, other ceramic materials or 
the like are bonded to form a bonded SOI substrate, and 
applicable to such a case. 

Claims 

1. A method for producing an SOI substrate compris- 
ing forming an oxide layer on a surface of at least 
one silicon wafer among two silicon wafers, closely 
contacting one wafer with the other wafer so that 
the oxide layer should be interposed between them, 
subjecting the wafers to a heat treatment to firmly 
bond the wafers, and making a device processing 
side wafer thinner to a desired thickness, 

characterized in that a silicon single crystal 
wafer obtained by growing a silicon single crystal 
ingot doped with nitrogen by the Czochralski 
method, and slicing the single crystal ingot into a 
silicon single aystal wafer is used as the device 
processing side wafer. 

2. A method for producing an SOI substrate compris- 
ing closely contacting a silicon wafer and an insula- 
tor substrate, subjecting them to a heat treatment to 
firmly bond them, and making the silicon wafer that 
is a device processing side wafer thinner to a 
desired thickness, 

characterized in that a silicon single crystal 
wafer obtained by growing a silicon single crystal 
ingot doped with nitrogen by the Czochralski 
method, and slicing the single crystal ingot into a 
silicon single crystal wafer is used as the silicon 
wafer that is the device processing side wafer. 

3. The method for producing an SOI substrate accord- 
ing to Claim 1 or 2, characterized in that, when the 
silicon single crystal ingot doped with nitrogen is 
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grown by the Czochralski method, concentration of 
nitrogen doped into the single crystal ingot is con- 
trolled to be in a range of 1 x 10''*^ to 5 x lO"*^ 
atoms/cm^. 

5 

4. The method for producing an SOI substrate accord- 
ing to any one of Claims 1 -3, characterized in that, 
when the single crystal ingot doped with nitrogen is 
grown by the Czochralski method, concentration of 
oxygen contained in the single crystal ingot is con- io 
trolled to be 1 .2 x 10''^ atoms/cm^ or less. 

5. The method for producing an SOI substrate accord- 
ing to any one of Claims 1-4, characterized in that 

the heat treatment for obtaining firm bonding is per- is 
formed at a temperature of 900**C or more. 

6. The method for producing an SOI substrate accord- 
ing to any one of Claims 1 -5, characterized in that 
the device processing side wafer is made thinner to 20 
a thickness of 1 ^m or less. 

7. The method for producing an SOI substrate accord- 
ing to any one of Claims 1 -6, characterized in that, 
after the device processing side wafer is made thin- 25 
ner. the heat treatment is performed at a tempera- 
ture of 900°C or more. 

8. An SOI substrate which has been produced by a 
mettxxJ according to any one of Claims 1-7. 30 

9. An SOI substrate which is produced by forming an 
oxide layer on a surface of at least one silicon wafer 
among two silicon wafers, closely contacting one 
silicon wafer with the other silicon wafer so that the 35 
oxide layer should be interposed between them, 
subjecting the wafers to a heat treatment to firmly 
t>ond the waters, and making a device processing 
side wafer thinner to a desired thickness. 

characterized in that the device processing 40 
side wafer is a silicon single crystal wafer obtained 
by growing a silicon single crystal ingot doped with 
nitrogen by the Czochralski method, and slicing the 
single crystal ingot into a silicon single crystal 
wafer. 45 

1 0. An SOI substrate which is produced by closely con- 
tacting a silicon wafer with an insulator substrate, 
subjecting them to a heat treatment to firmly bond 
them, and making the silicon wafer that is a device so 
processing side wafer thinner to a desired thick- 
ness, 

characterized in that the silicon wafer that is 
the device processing side wafer is a silicon single 
crystal wafer obtained by growing a silicon single ss 
crystal ingot doped with nitrogen by the Czochralski 
method, and slicing the single crystal ingot into a 
silicon single crystal wafer. 



1 1 . The SOI substrate according to Claim 9 or 10, char- 
acterized in that nitrogen concentration in the 
device processing side wafer is in a range of 1 x 
10^^ to 5 X 10^^ atoms/cm^. 

12. The SOI substrate according to any one of Claims 
9-1 1 . characterized in that oxygen concentration in 
the device processing side wafer is 1.2 x 10^® 
atoms/cm^ or less. 

13. The SOI substrate according to any one of Claims 
9-12. characterized in that the SOI layer has a thick- 
ness of 1 urn or less- 
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